Investigation of selected wood properties and the suitability for industrial utilization of Acacia seyal var. seyal Del and Balanites aegyptiaca (L.) Delile grown in different climatic zones of Sudan by Mohamed Shawgi Gamal, Hanadi









Fibre dimensions (µm) Fibre drived values 
Diameter  Lumen Diameter Wall thickness Flexibility Coefficient Runkel ratio 
S 1 S2 S 1 S2 S 1 S2 S 1 S2 S 1 S2 





Al Obeid Al Ein 
1 40 11.09 40 12.18 40 4.59 40 4.47 40 3.25* 40 3.86* 40 40.28* 39 34.63* 40 1.57* 40 1.98* 




1 38 9.99* 40 12.67* 33 2.41* 40 3.87* 38 3.66* 40 4.40* 38 30.08* 38 25.98* 37 2.37* 38 2.80* 
2 39 9.12 40 9.93 39 3.15 40 3.36 35 2.84* 40 3.29* 40 34.72 40 33.61 28 1.80* 40 2.11* 
Al Homora 
1 40 10.42 40 10.88 39 4.29* 40 3.67* 38 2.92* 40 3.60* 40 41.83* 40 33.90* 38 1.41* 39 2.00* 
2 40 10.64 37 10.31 39 3.84 39 3.32 38 3.23* 38 3.61* 40 36.71* 39 30.55* 40 1.84* 38 2.26* 
Aum Top 
1 40 10.36 37 10.16 40 3.68* 38 3.12* 40 3.34 38 3.57 40 35.25* 40 30.36* 39 1.95* 40 2.39* 
2 40 10.45 38 11.01 40 3.86 37 3.50 40 3.29* 39 3.67* 40 36.86* 40 32.38* 39 1.74* 40 2.23* 
Goz Fagor 
1 40 9.53 40 10.32 37 3.65 40 3.56 40 2.82* 40 3.38* 38 39.50* 40 34.13* 39 1.54* 40 2.09* 








1 40 10.58 40 10.65 37 3.90 40 3.69 40 3.26 39 3.38 38 38.14* 40 34.41* 36 1.61* 38 1.91* 
2 40 9.71* 40 10.75* 40 3.34* 40 2.86* 38 3.18* 38 3.95* 40 33.80* 40 26.56* 40 2.11* 37 2.80 
Khor 
Donia 
1 40 10.44 36 10.14 40 3.76* 40 3.20* 40 3.34 38 3.49 35 35.85* 40 30.43* 36 1.76* 32 2.11* 




1 40 10.87* 40 10.84* 40 4.52* 39 3.48* 40 3.18 40 3.65 40 40.57* 40 32.56* 38 1.47* 39 2.13* 
2 40 10.82* 40 11.08* 40 4.23* 40 3.42* 40 3.30 40 3.83 40 38.05* 40 30.38* 36 1.59* 40 2.47* 
Al Homara 
1 39 10.63 40 10.95 40 3.36 40 3.58 40 3.70 40 3.69 40 32.30 40 30.66 36 2.03 36 2.24 
2 40 10.77 40 11.65 33 3.86 40 3.65 40 3.14* 40 4.00* 40 40.82* 40 29.78* 39 1.51* 40 2.60* 
Al Bardab 
1 40 11.13* 40 13.09* 40 4.02* 40 4.67* 40 3.56 40 4.21 38 34.50 40 34.72* 39 1.89 39 2.00 
2 40 11.01 40 11.92 40 3.96 40 4.55 40 3.53 40 3.69 40 37.50 39 36.20* 37 1.64 38 1.80 
TN = tree number, S1 = inner sample, S2 = outer sample, and N = number of measured values, mean with * in the same row for each property are significantly different from 















Fibre dimensions (µm) Fibre drived values 
Diameter  Lumen Diameter Wall thickness Flexibility Coefficient Runkel ratio 
S 1 S2 S 1 S2 S 1 S2 S 1 S2 S 1 S2 





Al Obeid Al Tainat 
1 39 13.46 40 14.37 39 5.53* 39 6.39* 40 4.02 40 3.93 38 40.55* 38 44.86* 39 1.48* 38 1.23* 




1 34 12.17 33 12.24 35 4.77 36 4.84 40 3.45 40 3.32 39 40.80 39 41.01 40 1.49 40 1.48 
2 40 11.20* 39 14.07* 39 4.44* 40 6.87* 39 3.49 40 3.70 40 40.34 40 47.28 36 1.46* 37 1.09* 
Al Homora 
1 40 13.08 40 13.30 38 5.08 40 5.36 39 3.80 33 3.91 31 39.01 40 39.89 40 1.61 37 1.46 
2 40 11.18* 39 14.51* 35 4.18* 40 5.63* 40 3.12* 39 4.39* 40 38.93 39 42.22 40 1.66 40 1.44 
Aum Top 
1 39 13.93 40 13.63 39 5.43 40 5.59 40 4.02 40 4.27 39 40.19 40 41.22 38 1.56 40 1.49 
2 40 10.85* 39 12.00* 39 3.82 36 4.29 40 3.48 37 3.62 40 36.15 40 37.64 40 1.75 36 1.74 
Goz Fagor 
1 38 13.12* 39 14.91* 40 5.48* 40 7.40* 38 3.85 40 3.83 40 41.15 40 49.33 40 1.51* 40 1.08* 








1 37 12.37* 33 13.62* 40 5.71 39 5.98 36 3.39 37 3.53 35 43.88 38 46.55 39 1.18 34 1.18 
2 37 12.26* 40 13.65* 39 4.64* 40 5.99* 39 3.78 40 3.92 38 36.99 40 43.66 37 1.66* 39 1.33* 
Khor 
Donia 
1 39 12.59 35 12.72 29 4.73* 36 5.53* 39 3.57 39 3.70 40 40.99 40 44.99 38 1.46 40 1.29 




1 40 13.96 40 13.48 40 5.96 40 6.22 40 3.76 37 3.80 39 44.10 38 44.97 40 1.30* 32 1.13* 
2 37 13.30 40 13.40 39 5.13 39 5.15 38 4.04 40 4.09 39 38.68 39 39.28 39 1.57 37 1.57 
Al Homara 
1 40 13.81* 40 14.93* 40 6.21 40 6.46 40 3.80 40 4.23 40 43.59 40 45.59 39 1.38* 35 1.13* 
2 40 12.33 40 12.72 38 4.25 39 4.51 38 4.04 39 4.10 37 35.59 39 36.26 38 1.81 36 1.77 
Al Bardab 
1 38 13.31 33 13.57 31 5.60* 40 6.28* 40 3.68 40 3.88 40 46.09 40 46.25 40 1.24 39 1.21 
2 40 11.18* 39 13.15* 39 3.80* 35 4.74* 40 3.65 39 3.99 26 33.12 40 38.43 37 1.87* 37 1.59* 
TN = tree number, S1 = inner sample, S2 = outer sample, and N = number of measured values, mean with * in the same row for each property are significantly different from 















Fibre dimensions (µm) Fibre drived values 
Diameter  Lumen Diameter Wall thickness Flexibility Coefficient Runkel ratio 
S 1 S2 S 1 S2 S 1 S2 S 1 S2 S 1 S2 





Al Obeid Al Ein 
1 40 11.09* 40 12.18* 40 4.59 40 4.47* 40 3.25* 40 3.86 40 40.28 39 34.63* 40 1.57 40 1.98 




1 38 9.99* 40 12.67* 33 2.41* 40 3.87 38 3.66* 40 4.40* 38 30.08* 38 25.98* 37 2.37* 38 2.80* 
2 39 9.12* 40 9.93* 39 3.15* 40 3.36 35 2.84* 40 3.29* 40 34.72* 40 33.61* 28 1.80* 40 2.11* 
Al 
Homora 
1 40 10.42 40 10.88 39 4.29 40 3.67 38 2.92* 40 3.60 40 41.83* 40 33.90* 38 1.41* 39 2.00* 
2 40 10.64 37 10.31 39 3.84 39 3.32 38 3.23* 38 3.61 40 36.71* 39 30.55* 40 1.84* 38 2.26* 
Aum Top 
1 40 10.36 37 10.16* 40 3.68 38 3.12* 40 3.34 38 3.57 40 35.25 40 30.36 39 1.95 40 2.39 
2 40 10.45 38 11.01* 40 3.86 37 3.50* 40 3.29 39 3.67 40 36.86 40 32.38 39 1.74 40 2.23 
Goz 
Fagor 
1 40 9.53 40 10.32 37 3.65 40 3.56 40 2.82* 40 3.38 38 39.50* 40 34.13* 39 1.54* 40 2.09* 








1 40 10.58 40 10.65 37 3.90* 40 3.69* 40 3.26 39 3.38* 38 38.14* 40 34.41* 36 1.61* 38 1.91* 
2 40 9.71 40 10.75 40 3.34* 40 2.86* 38 3.18 38 3.95* 40 33.80* 40 26.56* 40 2.11* 37 2.80 
Khor 
Donia 
1 40 10.44 36 10.14 40 3.76 40 3.20 40 3.34 38 3.49 35 35.85 40 30.43* 36 1.76 32 2.11* 




1 40 10.87 40 10.84 40 4.52 39 3.48 40 3.18 40 3.65 40 40.57 40 32.56 38 1.47 39 2.13* 
2 40 10.82 40 11.08 40 4.23 40 3.42 40 3.30 40 3.83 40 38.05 40 30.38 36 1.59 40 2.47* 
Al 
Homara 
1 39 10.63 40 10.95 40 3.36 40 3.58 40 3.70* 40 3.69 40 32.30 40 30.66 36 2.03 36 2.24 
2 40 10.77 40 11.65 33 3.86 40 3.65 40 3.14* 40 4.00 40 40.82* 40 29.78 39 1.51* 40 2.60 
Al Bardab 
1 40 11.13 40 13.09 40 4.02 40 4.67 40 3.56 40 4.21* 38 34.50 40 34.72 39 1.89* 39 2.00 
2 40 11.01 40 11.92 40 3.96 40 4.55 40 3.53 40 3.69* 40 37.50 39 36.20 37 1.64* 38 1.80 
TN = tree number, S1 = inner sample, S2 = outer sample, and N = number of measured values, means with * in the same Colum for each forest are significantly different from 













Fibre dimensions (µm) Fibre drived values 
Diameter  Lumen Diameter Wall thickness Flexibility Coefficient Runkel ratio 
S 1 S2 S 1 S2 S 1 S2 S 1 S2 S 1 S2 












Habila 77 9.55* 80 11.30 72 2.81* 80 3.62 73 3.27* 80 3.84* 78 32.46* 78 29.89 65 2.12* 78 2.45 
Al Homora 80 10.53* 77 10.60 78 4.06* 79 3.50 76 3.07* 78 3.60* 80 39.27* 79 32.25 78 1.63* 77 2.13 
Aum Top 80 10.40* 75 10.59 80 3.77* 75 3.31 80 3.32* 77 3.62* 80 36.05* 80 31.37 78 1.84* 80 2.31 







Tawla 80 10.15 80 10.70 77 3.61 80 3.28 78 3.22 77 3.66 78 35.92 80 30.48 76 1.88 75 2.35* 
Khor Donia 80 10.44 76 10.32 80 3.81 80 3.38 80 3.31 78 3.47 75 36.31 77 32.11 76 1.81 65 1.95* 
Kadugli 
Al Sheheata 80 10.84* 80 10.96* 80 4.37 79 3.45* 80 3.24* 80 3.74 80 39.31 80 31.47 74 1.53* 79 2.30* 
Al Homara 79 10.70* 80 11.30* 73 3.58 80 3.62* 80 3.42* 80 3.84 80 36.56* 80 30.22* 75 1.76* 76 2.43* 
Al Bardab 80 11.07* 80 12.51* 80 3.99 80 4.61* 80 3.54* 80 3.95 78 36.03* 79 35.45* 76 1.77* 77 1.90* 
S1 = inner sample, S2 = outer sample, and N = number of measured values, means with * in the same Colum in each region are significantly different from each other at 0.05 
probability level. 
 







Fibre dimensions (µm) Fibre drived values 
Diameter  Lumen Diameter Wall thickness Flexibility Coefficient Runkel ratio 
S 1 S2 S 1 S2 S 1 S2 S 1 S2 S 1 S2 
N Mean N Mean N Mean N Mean N Mean N Mean N Mean N Mean N Mean N Mean 
One 
Al Obeid 80 10.22 80 11.44 79 4.33* 79 3.86 80 2.92* 80 3.77 80 41.91* 77 32.33 80 1.48* 74 2.03* 




160 10.29* 156 10.51* 157 3.71* 160 3.33* 158 3.27 155 3.57* 153 36.11 157 31.28 152 1.84* 140 2.17 
Kadugli 239 10.87* 240 11.59* 233 3.99* 239 3.89* 240 3.40 240 3.84* 238 37.31 239 32.37 225 1.69* 232 2.21 






                           9.6: Acacia seyal fibre length between trees variation (T-test) 
Zone Region Forest 
T
N 
Fibre length (mm) 
Portions (%) 
10 30 50 70 90 
N Mean N Mean N Mean N Mean N Mean 
One 
Al Obeid Al Ein 
1 80 1.14* 78 1.36* 73 1.44* 80 1.47* 76 1.53* 
2 80 0.96* 80 1.12* 119 1.19* 77 1.24* 78 1.25* 
Al Duwaim 
Habila 
1 80 0.95* 80 1.11* 79 1.19 80 1.22 40 1.19* 
2 78 1.01* 79 1.20* 80 1.22 77 1.24 80 1.29* 
Al Homora 
1 78 1.01* 40 1.19* 80 1.31* 38 1.28* 40 1.30* 
2 80 1.11* 119 1.37* 80 1.45* 80 1.47* 115 1.46* 
Aum Top 
1 78 1.33* 80 1.37* 75 1.37* 75 1.35* 40 1.41 
2 80 1.12* 80 1.31* 79 1.28* 80 1.41* 40 1.46 
Goz Fagor 
1 78 0.93* 80 1.19 119 1.17* 78 1.18* 80 1.20* 





1 78 1.05* 80 1.22* 80 1.33* 79 1.38* 80 1.30* 
2 80 0.97* 79 1.10* 39 1.13* 80 1.17* 39 1.24* 
Khor Donia 
1 77 1.17* 80 1.23 80 1.30* 79 1.31 40 1.31* 
2 80 0.97* 80 1.22 79 1.39* 80 1.30 40 1.44* 
Kadugli 
Al Sheheata 
1 79 1.11* 77 1.27* 40 1.41* 75 1.54* 40 1.54* 
2 79 0.97* 79 1.21* 120 1.30* 80 1.39* 79 1.43* 
Al Homara 
1 79 1.10 80 1.26 80 1.21* 80 1.34 80 1.27* 
2 80 1.12 77 1.23 117 1.27* 80 1.31 79 1.19* 
Al Bardab 
1 76 1.37* 120 1.48* 120 1.47* 77 1.51* 120 1.46* 
2 77 1.00* 80 1.28* 40 1.29* 80 1.28* 34 1.40* 
 
TN = tree number, and N = number of measured values, means with * in the same Colum for forest are significantly different from each other at 0.05 





















Portions (%) Portions (%) 
10 30 50 70 90 10 30 50 70 90 





















Habila 158 0.98* 159 1.15* 159 1.21* 157 1.23* 120 1.26* 
632 1.07 596 1.26 672 1.27 548 1.31* 475 1.33* 
Al Homora 158 1.06* 159 1.32* 160 1.38* 118 1.41* 155 1.41* 
Aum Top 158 1.22* 160 1.34* 154 1.328 155 1.38* 80 1.44* 















Tawla 158 1.01* 159 1.16* 119 1.26* 159 1.27* 119 1.28* 
315 1.04* 319 1.19* 278 1.31 318 1.29* 199 1.32* 









158 1.04* 156 1.24* 160 1.33* 155 1.46* 119 1.47* 
470 1.11* 513 1.30* 517 1.33 472 1.39* 432 1.37* Al Homara 159 1.11* 157 1.24* 197 1.25* 160 1.33* 159 1.23* 
Al Bardab 153 1.18* 200 1.40* 160 1.43* 157 1.39* 154 1.45* 
N = number of measured values, means with * in the same Colum for each region in forest variation level and in each zone in region variation level are significantly different 













Fibre dimensions (µm) Fibre drived values 
Diameter  Lumen Diameter Wall thickness Flexibility Coefficient Runkel ratio 
S 1 S2 S 1 S2 S 1 S2 S 1 S2 S 1 S2 





Al Obeid Al Tainat 
1 39 13.46* 40 14.37* 39 5.53* 39 6.39* 40 4.02 40 3.93 38 40.55* 38 44.86* 39 1.48* 38 1.23* 




1 34 12.17* 33 12.24* 35 4.77 36 4.84* 40 3.45 40 3.32* 39 40.80 39 41.01* 40 1.49 40 1.48* 
2 40 11.20* 39 14.07* 39 4.44 40 6.87* 39 3.49 40 3.70* 40 40.34 40 47.28* 36 1.46 37 1.09* 
Al 
Homora 
1 40 13.08* 40 13.30* 38 5.08* 40 5.36 39 3.80* 33 3.91* 31 39.01 40 39.89 40 1.61 37 1.46 
2 40 11.18* 39 14.51* 35 4.18* 40 5.63 40 3.12* 39 4.39* 40 38.93 39 42.22 40 1.66 40 1.44 
Aum Top 
1 39 13.93* 40 13.63* 39 5.43* 40 5.59* 40 4.02* 40 4.27* 39 40.19* 40 41.22* 38 1.56 40 1.49* 
2 40 10.85* 39 12.00* 39 3.82* 36 4.29* 40 3.48* 37 3.62* 40 36.15* 40 37.64* 40 1.75 36 1.74* 
Goz 
Fagor 
1 38 13.12 39 14.91 40 5.48 40 7.40* 38 3.85 40 3.83* 40 41.15 40 49.33* 40 1.51 40 1.08* 








1 37 12.37 33 13.62 40 5.71* 39 5.98 36 3.39* 37 3.53 35 43.88* 38 46.55 39 1.18* 34 1.18 
2 37 12.26 40 13.65 39 4.64* 40 5.99 39 3.78* 40 3.92 38 36.99* 40 43.66 37 1.66* 39 1.33 
Khor 
Donia 
1 39 12.59* 35 12.72 29 4.73* 36 5.53* 39 3.57 39 3.70 40 40.99* 40 44.99* 38 1.46* 40 1.29* 




1 40 13.96 40 13.48 40 5.96* 40 6.22* 40 3.76 37 3.80 39 44.10 38 44.97* 40 1.30* 32 1.13* 
2 37 13.30 40 13.40 39 5.13* 39 5.15* 38 4.04 40 4.09 39 38.68* 39 39.28* 39 1.57* 37 1.57* 
Al 
Homara 
1 40 13.81* 40 14.93* 40 6.21* 40 6.46* 40 3.80 40 4.23 40 43.59* 40 45.59* 39 1.38* 35 1.13* 
2 40 12.33* 40 12.72* 38 4.25* 39 4.51* 38 4.04 39 4.10 37 35.59* 39 36.26** 38 1.81* 36 1.77* 
Al Bardab 
1 38 13.31* 33 13.57 31 5.60* 40 6.28* 40 3.68 40 3.88 40 46.09* 40 46.25* 40 1.24* 39 1.21* 
2 40 11.18* 39 13.15 39 3.80* 35 4.74* 40 3.65 39 3.99 26 33.12* 40 38.43* 37 1.87* 37 1.59* 
TN = tree number, S1 = inner sample, S2 = outer sample, and N = number of measured values, means with * in the same Colum in each forest are significantly different from 















Fibre dimensions (µm) Fibre drived values 
Diameter  Lumen Diameter Wall thickness Flexibility Coefficient Runkel ratio 
S 1 S2 S 1 S2 S 1 S2 S 1 S2 S 1 S2 






Habila 74 11.64* 72 13.23* 74 4.60* 76 5.91* 79 3.47* 80 3.51* 79 40.57 79 44.19* 76 1.48* 77 1.29* 
Al Homora 80 12.13* 79 13.90* 73 4.65* 80 5.50* 79 3.46* 72 4.17* 71 38.97 79 41.04* 80 1.63* 77 1.45* 
Aum Top 79 12.37* 79 12.83* 78 4.62* 76 4.98* 80 3.75* 77 3.95* 79 38.14 80 39.43* 78 1.66* 76 1.61* 







Tawla 74 12.31 73 13.64* 79 5.18* 79 5.98* 75 3.59 77 3.73 73 40.29 78 45.07* 76 1.42* 73 1.26* 
Khor Donia 79 12.12 75 12.40* 69 4.31* 75 5.04* 79 3.65 79 3.76 80 37.78 80 41.79* 78 1.74* 78 1.46* 
Kadugli 
Al Sheheata 77 13.64* 80 13.44 79 5.55* 79 5.69 78 3.90 77 3.95 78 41.39 77 42.09 79 1.43 69 1.36 
Al Homara 80 13.07* 80 13.82 78 5.25* 79 5.50 78 3.91 79 4.16 77 39.74 79 40.98 77 1.59 71 1.46 
Al Bardab 78 12.22* 72 13.34 70 4.60* 75 5.56 80 3.66 79 3.94 66 40.98 80 42.34 77 1.54 76 1.40 
S2 = outer sample, and N = number of measured values, means with * in the same Colum in each region are significantly different from each other at 0.05 probability level.  
 
 







Fibre dimensions (µm) Fibre drived values 
Diameter  Lumen Diameter Wall thickness Flexibility Coefficient Runkel ratio 
S 1 S2 S 1 S2 S 1 S2 S 1 S2 S 1 S2 
N Mean N Mean N Mean N Mean N Mean N Mean N Mean N Mean N Mean N Mean 
One 
Al Obeid 78 12.72 80 13.50 78 4.86 73 5.54 79 3.84 80 3.92 77 37.43* 76 42.13 77 1.68 78 1.39 




153 12.21* 148 13.01* 148 4.78* 154 5.52 154 3.62* 156 3.75* 153 38.98 158 43.41 154 1.58 151 1.36 
Kadugli 235 12.97* 232 13.54* 227 5.15* 233 5.59 236 3.82* 235 4.02* 221 40.69 236 41.80 233 1.52 216 1.41 
S1 = inner sample, S2 = outer sample, and N = number of measured values, means with * in the same Colum in each zone are significantly different from each other at 0.05 
probability level. 
 
Appendix 9.11: Balanites aegyptiaca fibre length between trees variation (T-test) 
Zone Region Forest 
T
N 
Fibre length (mm) 
Portions (%) 
10 30 50 70 90 
N Mean N Mean N Mean N Mean N Mean 
One 
Al Obeid Al Tainat 
1 74 0.99* 79 1.11* 79 1.13* 80 1.14* 40 1.17* 
2 80 0.95* 40 1.02* 77 1.09* 40 1.06* 31 1.20* 
Al Duwaim 
Habila 
1 80 0.97* 71 1.02* 40 1.07* 80 1.08* 40 1.23 
2 80 1.05* 40 1.21* 78 1.24* 39 1.25* 40 1.25 
Al Homora 
1 80 0.98* 80 1.16* 79 1.12* 79 1.17* 80 1.15* 
2 77 1.04* 78 1.13* 118 1.19* 80 1.19* 79 1.22* 
Aum Top 
1 80 1.04* 78 1.21* 76 1.34* 78 1.34 40 1.41* 
2 40 0.77* 39 1.12* 40 1.21* 38 1.33 39 1.23* 
Goz Fagor 
1 80 1.00* 80 1.22 39 1.34 77 1.37* 40 1.31* 





1 80 1.04 38 1.24* 80 1.21* 39 1.27* 40 1.16* 
2 80 1.08 40 1.18* 79 1.24* 40 1.16* 39 1.21* 
Khor Donia 
1 80 1.02* 80 1.19 79 1.23 80 1.28 39 1.14* 
2 79 0.97* 80 1.19 80 1.25 76 1.27 40 1.29* 
Kadugli 
Al Sheheata 
1 80 0.98 80 0.98* 120 1.10 78 1.16 78 1.15* 
2 80 0.96 119 1.11* 78 1.11 119 1.18 78 1.27* 
Al Homara 
1 80 1.08* 80 1.20* 112 1.25 76 1.22 79 1.22* 
2 80 0.99* 80 1.14* 40 1.21 78 1.24 40 1.32* 
Al Bardab 
1 80 0.87* 39 0.95* 80 1.13* 38 1.18* 40 1.27 
2 80 1.03* 40 1.19* 78 1.26* 40 1.25* 40 1.29 
 
TN = tree number, and N = number of measured values, means with * in the same Colum for forest are significantly different from each other 




















Portions (%) Portions (%) 
10 30 50 70 90 10 30 50 70 90 





















Habila 160 1.01* 111 1.09* 118 1.18* 119 1.14* 80 1.24* 
597 1.01* 546 1.16* 509 1.22* 551 1.25* 398 1.24* 
Al Homora 157 1.01* 158 1.15* 197 1.16* 159 1.18* 159 1.19* 
Aum Top 120 0.95* 117 1.18* 116 1.29* 116 1.34* 79 1.32* 















Tawla 160 1.06* 78 1.21 159 1.22 79 1.21* 79 1.19 
319 1.03* 238 1.20* 318 1.23* 235 1.25* 158 1.20* 









160 0.97* 199 1.06* 198 1.10* 197 1.17* 156 1.21* 
480 0.99* 438 1.10* 508 1.17* 429 1.20* 355 1.24* Al Homara 160 1.04* 160 1.17* 152 1.24* 154 1.23* 119 1.25* 
Al Bardab 160 0.95* 79 1.07* 158 1.19* 78 1.21* 80 1.28* 
N = number of measured values, means with * in the same Colum for each region in forest variation level and in each zone in region variation level are significantly different 






    Appendix 9.13: Acacia seyal fibre length (mm) radial variation (ANOVA) 
Zone Region Forest TN 
Portions (%) 
SIG. 
10 30 50 70 90 
One 






















































































































































































































































    TN = tree number, means with different letters within the row are significantly different from each other   





                                Appendix 9.14: Balanitesa aegyptiaca fibre length (mm) radial variation (ANOVA) 
Zone Region Forest TN 
Portions (%) 
SIG. 
10 30 50 70 90 
One 























































































































































































































































      TN = tree number, means with different letters within the row are significantly different from each other   















Vessels dimensions (µm) 
Diameter  Lumen Diameter Wall thickness 
S 1 S2 S 1 S2 S 1 S2 





Al Obeid Al Ein 
1 25 141.14 30 161.53 27 117.61 30 127.81 28 8.49* 29 11.65* 




1 27 105.20* 28 129.22* 29 89.98 30 102.56 30 10.12 30 10.43 
2 30 100.34 30 119.30 30 84.18 30 100.99 28 7.61* 30 9.16* 
Al 
Homora 
1 30 135.67 26 143.83 30 114.50 29 122.04 30 10.12 30 10.59 
2 29 113.11 30 127.74 30 98.03 30 106.77 29 8.66 23 9.42 
Aum Top 
1 30 120.13 30 137.96 30 102.09 30 118.56 27 8.53* 30 9.70* 
2 30 102.80* 30 119.85* 30 86.94 30 100.76 28 7.94* 30 9.55* 
Goz 
Fagor 
1 30 105.30* 30 139.42* 30 86.35* 30 117.83* 25 8.39* 27 10.09* 








1 30 117.10* 30 135.32* 30 100.64* 30 118.49* 30 8.23 30 8.41 
2 30 122.45 30 134.92 30 103.26 30 114.28 30 9.60 30 10.32 
Khor 
Donia 
1 30 112.49 30 123.33 30 95.39 30 107.52 29 7.74 29 8.27 




1 30 106.14* 30 127.97* 30 90.24* 30 110.49* 29 7.37* 30 8.74* 
2 30 101.06* 30 124.48* 30 82.78* 30 105.07* 30 9.14 30 9.70 
Al 
Homara 
1 30 116.46 30 136.41 30 99.38 30 116.68 30 8.54 24 9.38 
2 30 101.99 30 112.97 30 85.76 30 93.82 30 8.12* 29 9.78* 
Al Bardab 
1 30 148.45 30 132.06 30 127.75 30 114.21 30 8.93 29 10.11 
2 30 108.64* 30 131.61* 30 88.08* 30 114.71* 29 8.28* 30 10.28* 
         
        TN = tree number, S1 = inner sample, S2 = outer sample, and N = number of measured values, means with * in the same row for 


















Vessels dimensions (µm) 
Diameter  Lumen Diameter Wall thickness 
S 1 S2 S 1 S2 S 1 S2 





Al Obeid Al Ein 
1 30 135.09 30 145.97 30 113.15 30 118.52 29 10.58* 29 13.26* 




1 29 129.65* 30 167.85* 29 110.20* 30 134.76* 30 9.86* 25 16.89* 
2 30 150.90 30 159.80 30 128.50 30 130.05 29 10.70* 30 14.88* 
Al 
Homora 
1 29 115.79* 30 140.30* 29 95.50* 30 119.21* 29 10.15 30 10.55 
2 30 85.82* 28 129.19* 30 68.00* 28 107.09* 30 8.91* 30 11.27* 
Aum Top 
1 30 130.96 30 138.19 30 108.64 30 110.39 30 11.16* 29 13.45* 
2 30 73.45* 26 119.20* 30 59.57* 27 99.79* 30 6.94* 29 9.89* 
Goz 
Fagor 
1 30 104.05* 30 131.45* 30 87.01* 30 109.92* 29 8.35* 30 10.77* 








1 30 110.13* 29 200.05* 30 90.51* 29 160.96* 29 9.63* 30 19.11* 
2 30 122.36 29 124.26 30 101.60 28 101.54 29 10.05* 30 11.71* 
Khor 
Donia 
1 24 96.22* 29 156.15* 28 80.95* 29 130.29* 29 6.84* 27 12.67* 




1 30 100.25* 30 149.78* 30 84.17* 30 121.45* 30 8.04* 30 14.17* 
2 30 87.73* 24 154.27* 30 70.15* 24 124.99* 29 8.57* 30 13.27* 
Al 
Homara 
1 28 67.40* 28 124.86* 28 54.63* 28 98.14* 28 6.57* 28 12.63* 
2 29 88.53* 29 147.76* 29 70.99* 30 121.16* 29 8.57* 30 11.52* 
Al Bardab 
1 30 94.21* 30 168.06* 30 74.71* 30 141.60* 30 9.75* 30 13.23* 
2 30 94.70* 27 127.76* 30 79.58* 28 106.73* 30 7.56* 30 9.69* 
         
        TN = tree number, S1 = inner sample, S2 = outer sample, and N = number of measured values, mean with * in the same row for 



















Vessels dimensions (µm) 
Diameter  Lumen Diameter Wall thickness 
S 1 S2 S 1 S2 S 1 S2 





Al Obeid Al Ein 
1 25 141.14* 30 161.53* 27 117.61 30 127.81 28 8.49 29 11.65 




1 27 105.20 28 129.22 29 89.98 30 102.56 30 10.12* 30 10.43* 
2 30 100.34 30 119.30 30 84.18 30 100.99 28 7.61* 30 9.16* 
Al 
Homora 
1 30 135.67* 26 143.83 30 114.50 29 122.04 30 10.12 30 10.59 
2 29 113.11* 30 127.74 30 98.03 30 106.77 29 8.66 23 9.42 
Aum Top 
1 30 120.13 30 137.96 30 102.09 30 118.56 27 8.53 30 9.70 
2 30 102.80 30 119.85 30 86.94 30 100.76 28 7.94 30 9.55 
Goz 
Fagor 
1 30 105.30 30 139.42 30 86.35 30 117.83 25 8.39 27 10.09* 








1 30 117.10 30 135.32 30 100.64 30 118.49 30 8.23* 30 8.41* 
2 30 122.45 30 134.92 30 103.26 30 114.28 30 9.60* 30 10.32* 
Khor 
Donia 
1 30 112.49 30 123.33 30 95.39 30 107.52 29 7.74 29 8.27 




1 30 106.14 30 127.97 30 90.24 30 110.49 29 7.37* 30 8.74 
2 30 101.06 30 124.48 30 82.78 30 105.07 30 9.14* 30 9.70 
Al 
Homara 
1 30 116.46 30 136.41 30 99.38 30 116.68 30 8.54 24 9.38 
2 30 101.99 30 112.97 30 85.76 30 93.82 30 8.12 29 9.78 
Al Bardab 
1 30 148.45* 30 132.06 30 127.75* 30 114.21 30 8.93 29 10.11 
2 30 108.64* 30 131.61 30 88.08* 30 114.71 29 8.28 30 10.28 
TN = tree number, S1 = inner sample, S2 = outer sample, and N = number of measured values, means with * in the same                                                          
















Vessels dimensions (µm) 
Diameter  Lumen Diameter Wall thickness 
S 1 S2 S 1 S2 S 1 S2 






Habila 57 102.64* 58 124.09 59 87.03* 60 101.77 58 8.91* 60 9.79 
Al Homora 59 124.58* 56 135.21 60 106.26* 59 114.28 59 9.40* 53 10.08 
Aum Top 60 111.47* 60 128.91 60 94.51* 60 109.66 55 8.23* 60 9.62 







Tawla 60 119.78* 60 135.12* 60 101.95 60 116.38 60 8.91* 60 9.37 
Khor Donia 60 106.10* 60 121.77* 60 89.50 60 104.89 59 7.90* 59 8.63 
Kadugli 
Al Sheheata 60 103.60* 60 126.22 60 86.51* 60 107.78 59 8.27 60 9.22 
Al Homara 60 109.23* 60 124.69 60 92.57* 60 105.25 60 8.33 53 9.60 
Al Bardab 60 128.55* 60 131.84 60 107.92* 60 114.46 59 8.61 59 10.20 
S1 = inner sample, S2 = outer sample, and N = number of measured values, means with * in the same                                                                                 











Vessels dimensions (µm) 
Diameter  Lumen Diameter Wall thickness 
S 1 S2 S 1 S2 S 1 S2 
N Mean N Mean N Mean N Mean N Mean N Mean 
One 
Al Obeid 78 12.72 80 13.50 78 4.86 73 5.54 79 3.84 80 3.92 
Al Duwaim 311 12.30 309 13.68 305 4.82 306 5.76 315 3.62 306 3.91 
Two 
Al Damazien 153 12.21* 148 13.01* 148 4.78* 154 5.52 154 3.62* 156 3.75* 
Kadugli 235 12.97* 232 13.54* 227 5.15* 233 5.59 236 3.82* 235 4.02* 
          S1 = inner sample, S2 = outer sample, and N = number of measured values, means with * in the same Colum for each zone are 
          significantly different from each other at 0.05 probability level. 
 
 









Vessels dimensions (µm) 
Diameter  Lumen Diameter Wall thickness 
S 1 S2 S 1 S2 S 1 S2 





Al Obeid Al Ein 
1 30 135.09* 30 145.97 30 113.15* 30 118.52 29 10.58* 29 13.26* 




1 29 129.65* 30 167.85 29 110.20* 30 134.76 30 9.86 25 16.89* 
2 30 150.90* 30 159.80 30 128.50* 30 130.05 29 10.70 30 14.88* 
Al 
Homora 
1 29 115.79* 30 140.30 29 95.50* 30 119.21 29 10.15* 30 10.55 
2 30 85.82* 28 129.19 30 68.00* 28 107.09 30 8.91* 30 11.27 
Aum Top 
1 30 130.96* 30 138.19 30 108.64* 30 110.39 30 11.16* 29 13.45* 
2 30 73.45* 26 119.20 30 59.57* 27 99.79 30 6.94* 29 9.89* 
Goz 
Fagor 
1 30 104.05* 30 131.45 30 87.01 30 109.92 29 8.35* 30 10.77 








1 30 110.13 29 200.05* 30 90.51 29 160.96* 29 9.63 30 19.11* 
2 30 122.36 29 124.26* 30 101.60 28 101.54* 29 10.05 30 11.71* 
Khor 
Donia 
1 24 96.22* 29 156.15 28 80.95* 29 130.29 29 6.84* 27 12.67* 




1 30 100.25 30 149.78 30 84.17 30 121.45 30 8.04 30 14.17 
2 30 87.73 24 154.27 30 70.15 24 124.99 29 8.57 30 13.27 
Al 
Homara 
1 28 67.40* 28 124.86* 28 54.63* 28 98.14* 28 6.57* 28 12.63 
2 29 88.53* 29 147.76* 29 70.99* 30 121.16* 29 8.57* 30 11.52 
Al Bardab 
1 30 94.21 30 168.06* 30 74.71 30 141.60* 30 9.75* 30 13.23* 
2 30 94.70 27 127.76* 30 79.58 28 106.73* 30 7.56* 30 9.69* 
TN = tree number, S1 = inner sample, S2 = outer sample, and N = number of measured values, means with * in the same                                                                         

















Vessels dimensions (µm) 
Diameter  Lumen Diameter Wall thickness 
S 1 S2 S 1 S2 S 1 S2 






Habila 59 140.45* 60 163.82* 59 119.51* 60 132.40* 59 10.27* 55 15.79* 
Al Homora 59 100.55* 58 134.94* 59 81.52* 58 113.36* 59 9.52* 60 10.91* 
Aum Top 60 102.20* 56 129.37* 60 84.10* 57 105.37* 60 9.05* 58 11.67* 







Tawla 60 116.25 58 162.15 60 96.05 57 131.77 58 9.84* 60 15.41* 
Khor Donia 54 106.61 56 157.64 58 90.02 56 134.20 59 7.54* 57 11.67* 
Kadugli 
Al Sheheata 60 93.99* 54 151.77* 60 77.16* 54 123.02* 59 8.30* 60 13.72* 
Al Homara 57 78.15* 57 136.51* 57 62.95* 58 110.05* 57 7.59* 58 12.06* 
Al Bardab 60 94.45* 57 148.97* 60 77.14* 58 124.77* 60 8.65* 60 11.46* 
      S1 = inner sample, S2 = outer sample, and N = number of measured values, means with * in the same Colum for each region are  











Vessels dimensions (µm) 
Diameter  Lumen Diameter Wall thickness 
S 1 S2 S 1 S2 S 1 S2 
N Mean N Mean N Mean N Mean N Mean N Mean 
One 
Al Obeid 60 106.15 60 135.67 60 87.25 60 111.96 57 9.14 59 11.59 
Al Duwaim 237 113.54 234 140.55 238 94.23 235 115.83 236 9.42 228 12.21 
Two 
Al Damazien 114 111.68* 114 159.94* 118 93.09* 113 132.98* 117 8.68 117 13.59* 
Kadugli 177 89.05* 168 145.64* 177 72.58* 170 119.19* 176 8.19 178 12.42* 
  S1 = inner sample, S2 = outer sample, and N = number of measured values, means with * in the same Colum for each zone  
  are significantly different from each other at 0.05 probability level. 


















10 30 50 70 90 














1 2 656* 2 676 4 694 2 728 2 719* 
2 2 554* 3 627 3 668 3 697 2 827* 
2 
1 2 634* 4 670 3 679 4 710 2 733* 
2 2 629* 4 676 3 647 4 729 2 743* 
3 
1 4 679 4 740 4 752 4 769 4 778 











1 2 681* 4 668 2 701 4 705* 2 791* 
2 2 658* 4 665 3 696 4 754* 2 763* 
2 
1 2 731* 4 736 3 737 4 752 2 777* 
2 2 668* 4 691 3 735 4 744 2 746* 
Al Homora 1 
1 3 732 3 726 4 731 3 747 2 757* 
2 2 655 3 672 3 699 3 720 2 753* 
Aum Top 
1 
1 2 721 4 760* 2 777 4 820 2 817* 
2 2 747 3 774* 4 803 3 839 2 857* 
2 
1 2 685* 2 723* 4 768 2 786* 2 798* 
2 2 719* 2 754* 2 756 2 779* 2 781* 
3 
1 4 715 4 740 4 745 4 734 2 759* 
2 2 783 2 773 4 776 4 798 2 795* 
Goz Fagor 
1 
1 2 677* 3 685* 3 721 3 763 2 766* 
2 2 747* 2 770* 4 776 2 785 2 775* 
2 
1 2 740* 2 792 3 873 2 940 2 923* 
2 2 682* 3 702 2 765 3 757 2 784* 
3 
1 2 761 3 814 3 769 3 793 2 809* 

















1 2 690* 4 706 3 736 4 763 2 743* 
2 2 659* 3 638 4 679 3 699 2 748* 
2 
1 2 713* 3 709 4 725* 3 764 2 793* 
2 2 623* 2 638 3 652* 2 690 2 738* 
3 
1 2 691* 3 758 3 737 3 780* 2 788* 
2 2 697* 2 707 4 725 2 749* 2 752* 
Khor Donia 
1 
1 2 687* 4 708* 4 763 4 775 2 767* 
2 2 571* 4 593* 2 668 4 728 2 747* 
2 
1 3 664 4 698 4 727 4 764 2 772* 
2 2 601 4 696 3 720 4 735 2 749* 
3 
1 2 673* 2 683* 3 691* 2 658* 2 703* 










1 3 725 3 718* 4 764 3 772 2 788* 
2 3 675 4 716* 4 749 4 764 2 784* 
2 
1 3 613 4 630 4 649 4 694 3 697 
2 3 588 4 637 4 656 4 689 2 725 
3 
1 3 672 4 691 4 713* 4 733 3 782 
2 3 617 4 656 4 741* 4 791 3 798 
Al Homara 
1 
1 3 629 4 652 4 719 4 755 3 771 
2 3 626 4 637 4 690 4 734 2 748 
2 
1 2 761 2 698 2 717 3 726 2 797* 
2 4 666 4 688 4 686 4 731 2 790* 
3 
1 2 768 3 801* 3 819 3 853* 2 895* 
2 4 617 4 652* 4 683 4 740* 2 769* 
Al Bardab 
1 
1 4 583 4 645 4 696 4 727 3 762* 
2 3 569 5 630 4 684 5 720 4 770* 
2 
1 2 668* 4 709 2 724 4 742 2 744* 
2 2 681* 2 676 3 695 2 706 2 712* 
3 
1 2 721* 2 761* 4 806* 2 860* 2 876 
2 2 730 2 769* 4 795* 2 848* 2 883 
Mean of 27 trees 
1 66 687 89 711 91 738 90 759 60 780 
2 64 656 87 680 94 720 89 748 58 773 
TN = tree number, DN = disc number, and N = number of measured values, means with * in the same Colum for   
each tree in each portion are significantly different from each other at 0.05 probability level.  
       






















N Mean N 
Mea
n 














1 2 646 4 644 4 660* 4 664 3 671 
2 2 674 3 680 3 708* 3 730 2 736 
2 
1 2 649 3 634 4 655 3 659 2 648 
2 3 635 3 647 4 648 3 651 3 656 
3 
1 2 569* 4 593* 3 623* 4 645 2 648 











1 2 659 3 668 4 685* 3 684 2 675 
2 2 656 3 652 3 649* 3 662 2 672 
2 
1 2 650 3 660 3 671 3 658 2 664 
2 2 646 3 686 2 698 3 682 2 685 
3 
1 3 681 4 695 4 689 4 707 4 691 
2 3 671 4 688 4 704 4 695 3 713 
Al Homora 
1 
1 4 647 4 663 4 692 4 695 4 708 
2 3 660 3 663 4 680 4 676 3 685 
2 
1 2 677 3 685 3 691 3 707 3 703 
2 2 675 4 660 2 683 4 693 2 725 
3 
1 3 712* 4 696 3 712 4 717 3 718 
2 2 693* 4 713 4 726 4 727 3 720 
Aum Top 
1 
1 2 635 4 669 4 693 4 693 3 707 
2 1 646 1 664 1 679 1 680 1 683 
2 
1 2 666* 3 665* 4 673 3 682 3 694 
2 2 611* 3 635* 2 666 3 668 2 646 
Goz Fagor 
1 
1 2 572 4 593 4 629 4 663 2 676 
2 2 635 3 612 2 625 3 654 2 668 
2 
1 2 646 4 668 2 677 4 716 2 687 
2 1 708 1 707 1 693 1 712 1 783 
3 
1 2 629 3 626* 4 644 3 667 2 668 

















1 2 612 2 637 3 642 2 655 2 690 
2 2 611 3 636 3 616 3 654 2 649 
2 
1 2 558 3 554 3 581* 3 584 3 603* 
2 2 598 3 592 3 621* 3 623 3 618* 
3 
1 2 607 2 593 3 599 2 614* 2 619 
2 2 595 2 588 3 594 2 599* 2 595 
Khor Donia 
1 
1 3 565 4 623 4 655 4 654 4 644 
2 2 624 4 642 3 657 4 661 2 629 
2 
1 4 658 4 633 4 677 4 706 4 719* 
2 3 649 4 652 4 683 4 694 3 744* 
3 
1 3 565 4 590 4 604 4 614 4 625 










1 4 619 4 632 5 654 5 681 5 701 
2 2 600 4 622 4 670 4 685 2 702 
2 
1 4 521 4 583 5 602 6 614 5 661 
2 2 548 4 571 3 578 4 594 2 634 
3 
1 4 589 4 614 5 646 4 666 5 701* 
2 4 604 4 631 4 649 5 662 4 649* 
Al Homara 
1 
1 3 667 3 673* 5 697* 4 728* 4 734* 
2 2 574 4 614* 4 668* 4 677* 3 651* 
2 
1 3 662 4 674* 4 689 4 712* 4 724 
2 2 636 4 649* 3 656 4 680* 3 699 
3 
1 2 725 4 663* 3 676* 4 693* 3 726 
2 2 695 4 738* 4 755* 4 746* 3 743 
Al Bardab 
1 
1 3 623* 4 631* 4 677 4 690 4 686 
2 2 682* 4 671* 3 685 4 697 2 696 
2 
1 1 631 2 619 1 614 2 661 1 669 
2 2 603 2 612 3 634 2 640 2 638 
3 
1 2 699 3 694* 4 696* 3 699 2 708 
2 2 665 4 655* 3 661* 4 683 3 681 
Mean of 29 trees 
1 76 630 104 641 110 660 109 674 92 684 
2 62 635 94 648 88 663 96 673 68 678 
TN = tree number, DN = disc number, and N = number of measured values, means with * in the same Colum       
for each tree in each portion are significantly different from each other at 0.05 probability level.  
 Appendix 9.25: Acacia seyal basic density (kg/m³) radial variation (ANOVA) 
Zone Region Forest TN 
Portions (%) 
SIG. 
10 30 50 70 90 
One 







































































       































































































































































































































































TN = tree number, means with the different letters within the row are significantly different from each other at 0.05 
















Appendix 9.26: Balanites aegyptiaca  basic density (kg/m³) radial variation (ANOVA) 
Zone Region Forest TN 
Portions (%) 
SIG. 
10 30 50 70 90 
One 





































































































































































































































































































































































TN = tree number, means with the different letter within the row are significantly different from each other at 0.05 



























10 30 50 70 90 





Al Obeid Al Ein 
1 4 605 5 647* 7 683* 5 710* 4 773 
2 4 632 8 673* 6 663* 8 719* 4 738 




1 4 670 8 666* 5 698* 8 729 4 777 
2 4 699 8 713* 6 736* 8 748 4 761 
3           
Al Homora 
1           
2           
3           
Aum Top 
1 4 734 7 766 6 794* 7 828* 4 837* 
2 4 702 4 739 6 764* 4 782* 4 789* 
3 6 738 6 751 8 761* 8 766* 4 777* 
Goz Fagor 
1 4 712 5 719 7 752* 5 772 4 770 
2 4 711 5 738 5 830* 5 830 4 853 








1 4 674 7 677* 7 703 7 736 4 745 
2 4 668 5 681* 7 694 5 735 4 766 
3 4 694 5 738* 7 730 5 767 4 770 
Khor 
Donia 
1 4 629 8 650 6 731 8 751 4 757 
2 5 639 8 697 7 724 8 749 4 760 




1 6 700* 7 717* 8 756* 7 768* 4 786* 
2 6 601* 8 634* 8 652* 8 691* 5 708* 
3 6 645* 8 673* 8 727* 8 762* 6 790* 
Al Homara 
1 6 628 8 645 8 705 8 745* 5 762 
2 6 698 6 691 6 696 7 729* 4 793 
 3 6 668 7 716 7 741 7 788* 4 832 
Al Bardab 
1 7 577* 9 637* 8 690* 9 723* 7 766* 
2 4 675* 6 698* 5 706* 6 730* 4 728* 
3 4 726* 4 765* 8 801* 4 854* 4 880* 
TN = tree number and N = number of measured values, means with * in the same Colum for each forest are 
significantly different from each other at 0.05 probability level. X = no available statistics.   
 















Portions (%) Portions (%) 
10 30 50 70 90 10 30 50 70 90 
N Mean N Mean N Mean N Mean N 
Mea
n 





















Habila 8 685* 16 690* 11 719* 16 739* 8 769 
40 715* 55 729* 57 759* 57 773* 36 792 
Al Homora 5 701* 6 699* 7 717* 6 733* 4 755 
Aum Top 14 726* 17 754* 20 772* 19 792* 12 801 










































18 648 23 673 24 712 23 739 15 762 
51 652 63 679 66 720 64 748 43 780* Al Homara 18 664 21 682 21 714 22 754 13 793 
Al Bardab 15 643 19 683 21 736 19 753 15 786 
N = number of measured values, means with * in the same Colum for each region in forest variation level and for each zone in region variation level are significantly different 
from each other at 0.05 probability level. X = no available statistics. 
 










10 30 50 70 90 





Al Obeid Al Tainat 
1 4 660 7 659 7 681* 7 693* 5 697 
2 5 640 6 640 8 651* 6 655* 5 653 




1 4 657* 6 660* 7 670* 6 673* 4 673* 
2 4 648* 6 673* 5 682* 6 670* 4 674* 
3 6 676* 8 691* 8 696* 8 701* 7 701* 
Al Homora 
1 7 652* 7 663* 8 686* 8 685* 7 698 
2 4 676* 7 671* 5 688* 7 699* 5 712 
3 5 704* 8 704* 7 720* 8 722* 6 719 
Aum Top 
1 3 638 5 668 5 690 5 690* 4 701 
2 4 639 6 650 6 670 6 675* 5 675 
3 2 650 3 644 3 664 4 665* 3 653 
Goz Fagor 
1 4 603 7 601* 6 628* 7 659* 4 672 
2 3 666 5 676* 3 682* 5 715* 3 719 








1 4 612* 5 637* 6 629* 5 654* 4 669* 
2 4 578* 6 573* 6 601* 6 603* 6 611* 
3 4 601* 4 591* 6 596* 4 607* 4 607* 
Khor 
Donia 
1 5 589* 8 632* 7 656* 8 657* 6 639* 
2 7 654* 8 642* 8 680* 8 700* 7 729* 




1 6 612* 8 627* 9 661* 9 682* 7 701* 
2 6 530* 8 577* 8 593* 10 606* 7 653* 
3 8 596* 8 622* 9 647* 9 664* 9 678* 
Al Homara 
1 5 630* 7 639* 9 684* 8 702 7 699 
2 5 652* 8 662* 7 675* 8 696 7 713 
 3 4 710* 8 701* 7 721* 8 720 6 734 
Al Bardab 
1 5 647* 8 651* 7 680* 8 693* 6 689* 
2 3 613* 4 616* 4 629* 4 650* 3 649* 
3 4 682* 7 672* 7 681* 7 690* 5 692* 
TN = tree number and N = number of measured values, means with * in the same Colum for each forest are 





















Portions (%) Portions (%) 
10 30 50 70 90 10 30 50 70 90 





















Habila 14 663* 20 676* 20 683* 20 683* 15 686* 
50 656 74 663* 69 678* 76 687* 56 691 
Al Homora 16 675* 22 681* 20 698* 23 702* 18 709* 
Aum Top 9 641* 14 655* 14 676* 15 678* 12 678* 













































20 581* 24 609* 26 635* 28 649* 23 677* 
46 623 66 642* 67 664* 71 677* 57 691* Al Homara 14 661* 23 668* 23 693* 24 706* 20 714* 
Al Bardab 12 650* 19 651* 18 669* 19 683* 14 681* 
N = number of measured values, means with * in the same Colum for each region in forest variation level and for each zone in region variation level are significantly different 
from each other at 0.05 probability level. X = no available statistics. 
 
     
 










Tree Forest Region 
Portions (%) Portions (%) Portions (%) 
10 50 90 10 50 90 10 50 90 





Al Obeid Al Ein 
1 2 0.814 2 0.900 2 0.965 
      5 0.820 5 0.922 5 0.935 2 1 0.823 1 0.843 1 0.849 
3 2 0.826 2 0.982 2 0.949 
Al Duwaim 
Habila 












18 0.874 18 0.913 18 0.952 
2 2 0.850* 2 0.884 2 0.901 
3       
Al 
Homora 











0.907 2       
3       
Aum Top 
1 2 0.923 2 0.950 2 1.010* 
6 0.901* 6 0.944* 6 0.974 2 2 0.891 2 0.927 2 0.957* 
3 2 0.889 2 0.956 2 0.953* 
Goz 
Fagor 
1 2 0.853* 2 0.913 2 0.927 
6 0.891* 6 0.933* 6 0.941 2 2 0.893* 2 0.912 2 0.921 








1 2 0.824 2 0.907 2 0.983 
6 0.812 6 0.901 6 0.951 
12 0.795 12 0.888 12 0.929 
2 2 0.803 2 0.871 2 0.946 
3 2 0.809 2 0.924 2 0.924 
Khor 
Donia 
1 2 0.772 2 0.894 2 0.920 
6 0.778 6 0.876 6 0.907 2 2 0.763 2 0.905 2 0.940 










6 0.874 6 0.933 
18 0.809 18 0.901 18 0.953 
2 2 0.664 2 0.801* 2 0.889* 
3 2 0.760 2 0.884* 2 0.970* 
Al 
Homara 






6 0.921 6 0.968 2 2 0.854 2 0.897 2 0.953 
3 2 0.853 2 0.936 2 0.983 
Al 
Bardab 
1 2 0.717* 2 0.861* 2 0.921* 
6 0.826 6 0.909 6 0.957 2 2 0.844* 2 0.853* 2 0.870* 
3 2 0.917* 2 1.012* 2 1.079* 
TN = tree number, N = number of measured values, means with * in the same Colum for each forest in tree variation level, for each region in forest variation level and for each zone in region     
variation  level are significantly different from each other at 0.05 probability level. X = no available statistics. 










Tree Forest Region 
Portions (%) Portions (%) Portions (%) 
10 50 90 10 50 90 10 50 90 





Al Obeid Al Tainat 
1 2 0.800 2 0.878* 2 0.906* 
      6 0.797 6 0.832 6 0.855 2 2 0.786 2 0.809* 2 0.815* 
3 2 0.805 2 0.809* 2 0.843* 
Al Duwaim 
Habila 






6 0.793 6 0.816 
21 0.775 21 0.797 21 0.816 
2 2 0.775 2 0.788 2 0.782 
3 2 0.772 2 0.819 2 0.870 
Al 
Homora 






6 0.809 6 0.821 2 2 0.801 2 0.832 2 0.839 
3 2 0.764 2 0.769 2 0.779 
Aum Top 
1 1 0.847 1 0.841 1 0.882 
4 0.782 4 0.796 4 0.811 2 2 0.765 2 0.783 2 0.785 
3 1 0.750 1 0.777 1 0.793 
Goz 
Fagor 
1 2 0.802* 2 0.825* 2 0.828 
5 0.768 5 0.787 5 0.815 2 2 0.697* 2 0.722* 2 0.782 








1 2 0.753 2 0.799* 2 0.788* 
6 0.719 6 0.742 6 0.739 
12 0.727 12 0.759* 12 0.766* 
2 2 0.723 2 0.748* 2 0.730* 
3 2 0.681 2 0.680* 2 0.701* 
Khor 
Donia 
1 2 0.710 2 0.785* 2 0.790* 
6 0.735 6 0.775 6 0.792 2 2 0.804 2 0.810* 2 0.856* 




1 2 0.708 2 0.807 2 0.828 
6 0.692* 6 0.801 6 0.799 
16 0.757 16 0.802* 16 0.822* 
2 2 0.656 2 0.799 2 0.777 
3 2 0.713 2 0.797 2 0.792 
Al 
Homara 
1 1 0.817 1 0.811 1 0.844* 
4 0.827* 4 0.821 4 0.855 2 1 0.781 1 0.800 1 0.806* 
3 2 0.854 2 0.836 2 0.885* 
Al 
Bardab 
1 2 0.772 2 0.810* 2 0.851 
6 0.777* 6 0.790 6 0.824 2 2 0.739 2 0.737* 2 0.791 
3 2 0.819 2 0.823* 2 0.829 
TN = tree number, N = number of measured values, means with * in the same Colum for each forest in tree variation level, for each region in forest variation level and for each zone in region           
variation  level are significantly different from each other at 0.05 probability level. X = no available statistics. 
      Appendix 9.33: Acacia seyal  X- ray density (g/cm³) radial variation (ANOVA) 





10 30 50 70 90 
One 
Al Obeid Al Ein 
1 0.866 0.848 0.881 0.904 0.907 0.145 
2 0.800 0.767 0.815 0.857 0.888 0.002 
3 0.995 0.970 0.990 0.996 0.991 0.955 
Al Duwaim 
Habila 
1 0.855 0.808 0.813 0.804 0.885 0.189 
2 1.137 1.124 1.141 1.150 1.148 0.439 
       
Al Homora 
1 0.806 0.868 0.955 0.976 1.047 0.540 
       
       
Aum Top 
1 1.067 1.050 1.033 1.043 1.079 0.258 
2 0.886 0.867 0.880 0.881 0.886 0.961 
3 0.742 0.722 0.742 0.753 0.763 0.552 
Goz Fagor 
1 0.829 0.810 0.851 0.824 0.862 0.082 
2 0.888 0.908 0.961 0.949 0.892 0.251 





1 0.820 0.842 0.844 0.898 0.925 0.014 
2 0.981 0.953 0.971 1.018 1.102 0.052 
3 0.889 0.926 0.938 0.964 0.984 0.146 
Khor Donia 
1 0.884 0.812 0.938 0.985 0.999 0.015 
2 0.881 0.884 0.910 0.907 0.974 0.510 




1 0.015 0.965 0.976 1.011 1.092 0.302 
2 0.799 0.785 0.812 0.804 0.838 0.662 
3 0.923 0.866 0.849 0.862 0.953 0.069 
Al Homara 
1 0.863 0.880 0.950 0.961 0.963 0.010 
2 0.937 0.891 0.886 0.920 0.984 0.290 
3 0.763 0.807 0.806 0.861 0.876 0.097 
Al Bardab 
1 0.862 0.844 0.903 0.990 1.006 0.010 
2 0.945 0.935 0.975 0.973 0.946 0.613 
3 0.877 0.852 0.867 0.923 0.975 0.231 
Mean of 27 trees 0.878 0.866 0.900 0.917 0.953 0.000 

















     Appendix 9.34: Balanites aegyptiaca X- ray density (g/cm³) radial variation (ANOVA) 





10 30 50 70 90 
One 
Al Obeid Al Tainat 
1 0.847 0.801 0.756 0.770 0.813 0.005 
2 1.162 1.093 1.064 1.108 1.128 0.960 
3 0.859 0.867 0.864 0.824 0.842 0.960 
Al Duwaim 
Habila 
1 0.681 0.651 0.686 0.729 0.723 0.120 
2 0.716 0.712 0.717 0.699 0.708 0.344 
3 0.639 0.630 0.654 0.669 0.642 0.418 
Al Homora 
1 0.837 0.797 0.818 0.863 0.837 0.284 
2 0.904 0.859 0.848 0.776 0.819 0.037 
3 0.882 0.881 0.871 0.848 0.846 0.799 
Aum Top 
1 0.872 0.895 0.842 0.833 0.886 0.080 
2 0.650 0.694 0.678 0.705 0.756 0.028 
3 0.792 0.799 0.832 0.851 0.899 0.009 
Goz Fagor 
1 0.957 0.858 0.803 0.666 0.660 0.102 
2 0.720 0.670 0.688 0.704 0.744 0.118 





1 0.872 0.884 0.866 0.834 0.830 0.496 
2 0.770 0.786 0.778 0.774 0.714 0.710 
3 0.713 0.686 0.640 0.612 0.631 0.007 
Khor Donia 
1 0.880 0.928 0.965 0.966 0.939 0.085 
2 0.833 0.827 0.802 0.804 0.800 0.245 




1 0.767 0.723 0.744 0.759 0.749 0.054 
2 0.747 0.822 0.743 0.740 0.767 0.054 
3 0.823 0.793 0.833 0.834 0.831 0.235 
Al Homara 
1 0.936 0.901 0.868 0.819 0.778 0.015 
2 0.832 0.826 0.817 0.814 0.793 0.025 
3 0.904 0.823 0.841 0.821 0.808 0.238 
Al Bardab 
1 0.816 0.778 0.773 0.780 0.844 0.072 
2 0.906 0.824 0.835 0.810 0.776 0.005 
3 0.847 0.837 0.820 0.800 0.782 0.290 
Mean of 30 trees 0.829 0.807 0.801 0.788 0.788 0.036 




























10 30 50 70 90 





Al Obeid Al Ein 
1 1 0866 2 0.848* 2 0.881* 1 0.904* 1 0.907* 
2 1 0.800 2 0.767* 2 0.815* 2 0.857* 2 0.888* 




1 1 0.855* 2 0.808* 1 0.813* 2 0.804* 1 0.885* 
2 1 1.137* 2 1.124* 2 1.141* 2 1.150* 1 1.148* 
3           
Al Homora 
1           
2           
3           
Aum Top 
1 1 1.067* 2 1.050* 2 1.033* 2 1.043* 1 1.079* 
2 1 0.886* 2 0.867* 1 0.880* 2 0.881* 1 0.886* 
3 2 0.742* 2 0.722* 2 0.742* 2 0.753* 1 0.763* 
Goz Fagor 
1 1 0.829 2 0.810 1 0.851 2 0.824* 1 0.862 
2 1 0.888 2 0.908 1 0.961 2 0.949* 1 0.892 








1 2 0.820 2 0.842 2 0.844* 2 0.898* 2 0.925 
2 1 0.981 2 0.953 1 0.971* 2 1.018* 1 1.102 
3 1 0.889 1 0.926 2 0.938* 1 0.964* 1 0.984 
Khor 
Donia 
1 2 0.884* 2 0.812* 2 0.938* 2 0.985* 2 0.999* 
2 2 0.881* 2 0.884* 2 0.910* 3 0.907* 2 0.974* 




1 1 1.015 2 0.965 2 0.976 2 1.011* 1 1.092 
2 1 0.799 2 0.785 1 0.812 2 0.804* 1 0.838 
3 2 0.923 2 0.866 2 0.849 3 0.862* 2 0.953 
Al Homara 
1 2 0.863* 2 0.880* 2 0.950* 2 0.961 2 0.963 
2 2 0.937* 2 0.891* 2 0.886* 2 0.920 2 0.984 
 3 1 0.763* 2 0.807* 2 0.806* 2 0.861 1 0.876 
Al Bardab 
1 2 0.862 2 0.844* 3 0.903 3 0.990 2 1.006 
2 1 0.945 2 0.935* 2 0.975 2 0.973 2 0.946 
3 1 0.877 2 0.852* 1 0.867 2 0.923 1 0.975 
TN = tree number and N = number of measured values, means with * in the same Colum for each forest are 



















Portions (%) Portions (%) 
10 30 50 70 90 10 30 50 70 90 





Al Obeid Al Ein           4 0.914 6 0.862 6 0.895 5 0.922 5 0.933 
Al 
Duwaim 
Habila 2 0.996 4 0.966 3 1.032 4 0.977 2 1.017 
1
2 
0.869 21 0.881 14 0.928 21 0.919 12 0.956 
Al Homora 2 0.806 3 0.868 2 0.955 3 0.976 3 1.047 
Aum Top 4 0.859 6 0.880 5 0.886 6 0.892 3 0.909 







Tawla 4 0.878 5 0.903* 5 0.907 5 0.959 4 0.984 1
0 
0.860 13 0.839 12 0.873 14 0.902 10 0.946 
Khor Donia 6 0.848 8 0.798* 7 0.848 9 0.871 6 0.921 
Kadugli 
Al Sheheata 4 0.915 6 0.872 5 0.892 7 0.888 4 0.959 
1
3 
0.890 18 0.869 17 0.898 20 0.923 14 0.963 Al Homara 5 0.873 6 0.859 6 0.881 6 0.914 5 0.954 
Al Bardab 4 0.886 6 0.877 6 0.921 7 0.966 5 0.976 
N = number of measured values, means with * in the same Colum for each region in forest variation level and for each zone in region variation level are significantly  


















10 30 50 70 90 





Al Obeid Al Tainat 
1 2 0.847 3 0.801 4 0.756* 4 0.770* 4 0.813* 
2 1 1.162 1 1.093 1 1.064* 1 1.108* 1 1.128* 




1 1 0.681 2 0.651* 2 0.686 2 0.729* 1 0.723* 
2 2 0.716 2 0.712* 2 0.717 3 0.699* 2 0.708* 
3 2 0.639 3 0.630* 3 0.654 3 0.669* 3 0.642* 
Al Homora 
1 2 0.837 2 0.797 2 0.818 3 0.863 2 0.837 
2 1 0.904 2 0.859 2 0.848 2 0.776 1 0.819 
3 3 0.882 3 0.881 4 0.871 3 0.848 4 0.846 
Aum Top 
1 1 0.872* 2 0.895* 2 0.842* 2 0.833* 1 0.886* 
2 2 0.650* 2 0.694* 2 0.678* 2 0.705* 1 0.756* 
3 2 0.792* 2 0.799* 3 0.832* 2 0.851* 2 0.899* 
Goz Fagor 
1 1 0.957 2 0.858* 2 0.803 2 0.666 1 0.660* 
2 1 0.720 2 0.670* 2 0.688 2 0.704 1 0.744* 








1 3 0.872 3 0.884 4 0.866 3 0.834* 2 0.830* 
2 3 0.770 4 0.786 3 0.778 4 0.774* 3 0.714* 
3 1 0.713 2 0.686 1 0.640 2 0.612* 1 0.631* 
Khor 
Donia 
1 1 0.880 2 0.928 1 0.965 2 0.966* 1 0.939* 
2 4 0.833 4 0.827 4 0.802 4 0.804* 3 0.800* 




1 2 0.767 3 0.723* 2 0.744* 3 0.759* 3 0.749* 
2 2 0.747 3 0.822* 2 0.743* 3 0.740* 3 0.767* 
3 2 0.823 3 0.793* 3 0.833* 3 0.834* 4 0.831* 
Al Homara 
1 3 0.936 5 0.901 4 0.868 5 0.819 4 0.778 
2 2 0.832 2 0.826 2 0.817 3 0.814 2 0.793 
3 4 0.904 4 0.823 4 0.841 5 0.821 3 0.808 
Al Bardab 
1 1 0.816 2 0.778 2 0.773* 2 0.780 1 0.844 
2 3 0.906 3 0.824 3 0.835* 3 0.810 3 0.776 
3 1 0.847 1 0.837 2 0.820* 1 0.800 1 0.782 
TN = tree number and N = number of measured values, means with * in the same Colum for each forest are   
significantly different from each other at 0.05 probability level. 
 








Portions (%) Portions (%) 
10 30 50 70 90 10 30 50 70 90 





Al Obeid Al Tainat           6 0.906 7 0.871 9 0.838 8 0.833 8 0.863 
Al 
Duwaim 
Habila 5 0.678* 7 0.659* 7 0.681* 8 0.695* 6 0.678* 
20 0.773 26 0.763 29 0.766 28 0.755 22 0.766 
Al Homora 6 0.870* 7 0.851* 8 0.852* 8 0.836* 7 0.840* 
Aum Top 5 0.751* 6 0.796* 7 0.791* 6 0.797* 4 0.860* 







Tawla 7 0.806 9 0.796 8 0.805 9 0.758 6 0.739 
15 0.837 18 0.827 16 0.815 19 0.794* 13 0.777* 
Khor Donia 8 0.864 9 0.857 8 0.825 10 0.826 7 0.810 
Kadugli 
Al Sheheata 6 0.779* 9 0.779* 7 0.782 9 0.777 10 0.787 
20 0.857 26 0.820 24 0.818 28 0.801* 24 0.790* Al Homara 9 0.899* 11 0.859* 10 0.847 13 0.819 9 0.791 
Al Bardab 5 0.876* 6 0.811* 7 0.813 6 0.798 5 0.791 
N = number of measured values, at forest level, means with * in the same Colum for each region in forest variation level and for each zone in region variation level are       






          Appendix 9.39: Acacia seyal hardness strength (N/mm
2































            TN = tree number, DN = disc number, and P = measured points, means with * in the  
            same Colum for each sample in each tree are significantly different from each other  
            at 0.05 probability level. 
            
 











Transverse section Radial 
section P1 P2 





Al Obeid Al Ein 
1 
1 2 85.28 2 108.96 4 55.17 
2 2 81.49 2 92.84 4 51.36 
2 
1 2 74.30 2 81.58 4 49.58* 
2 2 85.05 2 85.00 4 36.87* 
3 
1 2 91.56 2 101.23 4 62.59 




1 2 76.59 2 99.20 4 48.75 
2 2 73.43 2 88.77 4 45.86 
2 
1 2 66.63 2 83.82 4 47.31 




1 2 86.15 2 93.61 4 58.24* 




1 2 93.72 2 108.01 4 58.17 
2 2 97.74 2 100.46 4 62.71 
2 
1 2 73.43 2 95.18 4 49.44 
2 2 77.51 2 82.76 4 53.23 
3 
1 2 82.63 2 92.49 4 68.34* 




1 2 86.15 2 89.76 4 60.99 
2 2 80.27 2 102.17 4 57.17 
2 
1 2 72.45 2 79.62 4 50.33* 
2 2 66.50 2 77.35 4 42.83* 
3 
1 2 81.05 2 82.59 4 57.97 








1 2 76.29* 2 80.33 4 46.57 
2 2 61.23* 2 73.43 4 44.99 
2 
1 2 60.27 2 73.46 4 44.27 
2 2 74.30 2 79.47 4 43.90 
3 
1 2 59.54* 2 97.90 4 54.86 




1 2 62.68 2 73.36 4 47.02 
2 2 76.40 2 87.29 4 48.11 
2 
1 2 90.99 2 92.26 4 51.14 
2 2 78.60 2 80.99 4 46.21 
3 
1 2 65.54 2 82.50* 4 44.67 






1 2 74.30 2 91.09 4 60.57 
2 2 75.76 2 77.79 4 52.90 
2 
1 2 67.15 2 77.73 4 40.21 
2 2 62.82 2 94.28 4 38.01 
3 
1 2 65.52 2 93.22 4 49.80 




1 2 92.33 2 103.73 4 54.90 
2 2 76.29 2 85.05 4 51.75 
2 
1 2 84.87 2 95.01 4 59.78 
2 2 78.92 2 91.30 4 49.24 
3 
1 2 107.15 2 116.46 4 65.99* 




1 2 76.90 2 89.70 4 38.46 
2 2 82.25 2 84.40 4 44.41 
2 
1 2 68.87 2 71.57 4 38.92 
2 2 66.50 2 72.72 4 41.73 
3 
1 2 106.93 2 129.33 4 72.92 
2 2 93.29 2 102.17 4 62.21 
         































             TN = tree number, DN = disc number, and P = measured points, means with * in the 
             same Colum for each sample in each tree are significantly different from each other  












Cross section Radial 
section P1 P2 









1 2 86.05 2 88.47 4 45.51* 
2 2 83.29 2 101.11 4 55.27* 
2 
1 2 78.33 2 92.49 4 44.13 
2 2 94.28 2 102.17 4 47.58 
3 
1 2 76.29* 2 88.77 4 49.02 




1 2 85.28 2 96.35 4 47.79 
2 2 92.33 2 97.74 4 46.05 
2 
1 2 81.49 2 97.74 4 42.41 
2 2 85.05 2 96.46 4 47.19 
3 
1 2 72.41 2 76.26 4 48.85* 




1 2 83.77 2 95.46 4 51.39 
2 2 84.91 2 89.70 4 48.37 
2 
1 2 91.62 2 97.98 4 48.38 
2 2 77.27 2 88.77 4 40.06 
3 
1 2 80.40 2 85.05 4 46.01 




1 2 105.41 2 119.17* 4 50.62 
2 2 80.72 2 101.83* 4 49.73 
2 
1 2 100.65 2 103.97 4 43.47 
2 2 80.40 1 82.59 2 49.42 
3 
1 2 89.76 2 102.17 4 44.75 




1 2 76.38 2 88.77 4 44.35 
2 2 79.34 2 89.76 4 43.70 
2 
1 2 69.78 2 80.56 4 45.43 
2 2 74.33 2 84.26 4 40.49 
3 
1 2 80.44 2 92.76 4 40.19 








1 2 69.12* 2 79.42 4 46.08 
2 2 58.96* 2 67.41 4 38.48 
2 
1 2 63.96 2 69.72 4 49.37* 
2 2 84.00 2 86.34 4 41.72* 
3 
1 2 51.87 2 59.51 4 32.55 




1 2 65.52 2 72.45 4 49.37 
2 2 79.34 2 105.27 4 42.59 
2 
1 2 69.36* 2 75.28 4 43.57 
2 2 51.30* 2 68.96 4 43.75 
3 
1 2 62.41 2 73.77 4 45.59 






1 2 74.33 2 102.30 4 44.85 
2 2 77.35 2 87.43 4 40.53 
2 
1 2 67.18 2 78.33 4 39.10 
2 2 76.29 2 83.82 4 44.93 
3 
1 2 60.23 2 95.18 4 43.33 




1 2 76.26 2 99.32 4 56.83 
2 2 67.18 2 117.61 4 44.08 
2 
1 2 85.05 2 110.25 4 50.47 
2 2 88.47 2 100.71 4 49.02 
3 
1 2 80.44* 2 112.07 4 48.66 




1 2 85.28 1 100.71 4 45.84 
2 2 87.29 2 105.27 4 46.30 
2 
1 2 68.84 2 84.87 4 41.75 
2 2 78.33 2 82.63 4 40.88 
3 
1 2 72.41 2 79.42 4 40.52 
2 2 92.76 2 101.23 4 47.54 
      
              Appendix 9.41: Acacia seyal hardness strength (N/mm
2






















     TN = tree number, and N = number of measured values, P = measured points, 
     means with * in the same row for each tree are significantly different from each  




























Al Obeid Al Tainat 
1 4 83.39 4 100.90 
2 4 79.67 4 83.29 




1 4 75.01* 4 93.98* 
2 4 84.46 4 94.44 
     
Al 
Homora 
1 4 82.78* 4 93.05* 
     
     
Aum Top 
1 4 95.73 4 104.24 
2 4 75.47 4 88.97 
3 4 81.98* 4 91.02* 
Goz 
Fagor 
1 4 83.21* 4 95.96* 
2 4 69.48* 4 78.48* 








1 4 68.76 4 76.88 
2 4 67.29 4 76.47 
3 4 69.81* 4 94.96* 
Khor 
Donia 
1 4 69.54 4 80.32 
2 4 84.80 4 86.63 




1 4 75.03 4 84.44 
2 4 64.99 4 86.00 
3 4 68.98* 4 94.20* 
Al 
Homara 
1 4 84.31 4 94.39 
2 4 81.89 4 93.16 
3 4 87.02 4 107.10 
Al Bardab 
1 4 79.57* 4 87.05* 
2 4 67.69 4 72.14 
3 4 100.11 4 115.75 
Mean of 27 trees 108 78.16* 108 90.06* 
                     Appendix  9.42: Balanites aegyptiaca hardness strength (N/mm
2 






















       TN = tree number, and N = number of measured values, P = measured points, 
       means with * in the same row for each tree are significantly different from each  


























Al Obeid Al Tainat 
1 4 84.67 4 94.79 
2 4 86.30 4 97.33 




1 4 88.80 4 97.04 
2 4 83.27* 4 97.10* 
3 4 75.37 4 82.36 
Al 
Homora 
1 4 84.34 4 92.58 
2 4 84.45 4 93.38 
3 4 74.63 4 81.67 
Aum Top 
1 4 93.06 4 110.50 
2 3 93.90 3 96.84 
3 4 84.10 4 93.47 
Goz 
Fagor 
1 4 77.86 4 89.26 
2 4 72.06 4 82.41 








1 4 64.04 4 73.42 
2 4 73.98 4 78.03 
3 4 54.43 4 61.42 
Khor 
Donia 
1 4 72.43 4 88.86 
2 4 60.33 4 72.12 




1 4 75.84* 4 94.87* 
2 4 71.74* 4 81.07* 
3 4 70.03* 4 94.39* 
Al 
Homara 
1 4 71.72* 4 108.47* 
2 4 86.76* 4 105.48* 
3 4 88.39* 4 107.88* 
Al Bardab 
1 4 86.28* 4 102.99* 
2 3 75.16 3 83.38 
3 4 82.59 4 90.32 


























TN = tree number, N = number of measured values, P =  measured points, means with * in the same colum for each forest in tree variation level, for each region in forest 










Cross section Radial section 
Tree Forest  Region  Tree  Forest  Region  
P1 P2 P1 P2 P1 P2 
N Mean N Mean N Mean 





Al Obeid Al Tainat 
1 4 83.39 4 100.90 
    12 82.00 12 92.77 
8 53.27* 
  24 52.29 2 4 79.67 4 83.29 8 43.23* 
















2 4 84.46 4 94.44 8 47.80 
3       
Al Homora 
1     
4 82.78 4 93.05 
  
8 52.33* 2       
3       
Aum Top 
1 4 95.73* 4 104.24 
12 84.39 12 94.74 
8 60.44 
24 56.58* 2 4 75.47* 4 88.97 8 51.33 
3 4 81.98* 4 91.02 8 57.97 
Goz Fagor 
1 4 83.21* 4 95.96* 
12 78.75 12 87.53 
8 59.08* 
24 54.39* 2 4 69.48* 4 78.48* 8 46.58* 








1 4 68.76 4 76.88* 
12 68.62 12 82.77 




2 4 67.29 4 76.47* 8 44.09 
3 4 69.81 4 94.96* 8 51.67 
Khor 
Donia 
1 4 69.54* 4 80.32 
12 72.39 12 80.86 
8 47.56 
24 47.40 2 4 84.80* 4 86.63 8 48.67 




1 4 75.03* 4 84.44 
12 69.66* 12 88.21 




2 4 64.99* 4 86.00 8 39.11 
3 4 68.98* 4 94.20 8 49.22 
Al Homara 
1 4 84.31 4 94.39 
12 84.41* 12 98.21 
8 53.32 
24 55.49 2 4 81.89 4 93.16 8 54.51 
3 4 87.02 4 107.10 8 58.65 
Al Bardab 
1 4 79.57* 4 87.05* 
12 82.46* 12 91.65 
8 41.44 
24 49.78 2 4 67.69* 4 72.14* 8 40.33 
3 4 100.11* 4 115.75* 8 67.56 
 



















TN = tree number, N = number of measured values, P =  measured points, means with * in the same Colum for each forest in tree variation level, for each region in forest variation 









Cross section Radial section 
Tree Forest  Region  Tree  Forest  Region  
P1 P2 P1 P2 P1 P2 
N Mean N Mean N Mean 





Al Obeid Al Tainat 
1 4 84.67 4 94.79 




86.24 12 95.37 
8 50.39 
  24 48.92* 2 4 86.30 4 97.33 8 45.86 




1 4 88.80* 4 97.04* 
12 82.48* 12 92.17* 




2 4 83.27* 4 97.10* 8 44.80 
3 4 75.37* 4 82.36* 8 44.13 
Al 
Homora 
1 4 84.34 4 92.58 
12 81.14* 12 89.21* 
8 49.88* 
24 45.28* 2 4 84.45 4 93.38 8 44.22* 
3 4 74.63 4 81.67 8 41.75* 
Aum Top 
1 4 93.06 4 110.50 
11 90.03* 11 100.58* 
8 50.17 
22 48.01* 2 3 93.90 3 96.84 6 45.46 
3 4 84.10 4 93.47 8 47.76 
Goz 
Fagor 
1 4 77.86 4 89.26 
12 73.69* 12 85.45* 
8 44.03 
24 41.91* 2 4 72.06 4 82.41 8 42.96 








1 4 64.04* 4 73.42 
12 64.15 12 70.96* 




2 4 73.98* 4 78.03 8 45.55* 
3 4 54.43* 4 61.42 8 32.86* 
Khor 
Donia 
1 4 72.43 4 88.86 
12 69.62 12 84.29* 
8 45.98 
24 45.01* 2 4 60.33 4 72.12 8 43.66 




1 4 75.84 4 94.87* 
12 72.53* 12 90.11* 




2 4 71.74 4 81.07* 8 42.01 
3 4 70.03 4 94.39* 8 47.22 
Al 
Homara 
1 4 71.72* 4 108.47 
12 82.29* 12 107.28* 
8 50.46 
24 50.13* 2 4 86.76* 4 105.48 8 49.75 
3 4 88.39* 4 107.88 8 50.18 
Al 
Bardab 
1 4 86.28 4 102.99 
11 81.91* 11 93.04* 
8 46.07 
24 43.81* 2 3 75.16 3 83.38 8 41.32 
3 4 82.59 4 90.32 8 44.03 
